
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 




librariS 



ottbe 



SI/ 



u3 
1 



'Qlnivcreiti? ot Mi0con0in 



r^ 



Digitized by 



Google 



M59L2 



University of Wisconsin LilDrary 
lianuseript Theses 



Unpublished theses suT^itted for the Master ^s and 
Doctor •s degrees and deposited in the University of Wis- 
consin Library are open for inspection, but are to be used 
only with due regard to the rights of the authors. Biblio- 
graphical references may be noted, but passages may be copied 
only with the permission of the authors, and proper credit 
must be given in subsequent written or published work. Ex- 
tensive copying or publication of the thesis in whole or in 
part requires also the consent of the Dean of the Graduate 
School of the University of Wisconsin. 



This thesis by • • • • • 

has been used by the following persons, whose signatures 
attest their acceptance of the above restrictions. 

A Library which borrows this thesis for use by its 
patrons is expected to secure the signature of each user. 



NAHB ASD ADDRESS DATE 



Digitized by 



Google 






Digitized by 



Google 



TSB BFFBOI Of VARTIHG BDMIDIIISS UPOV SOHB PHYSICIL 
mOVSRTJSB Of PlPBa 



by 



I. SHZIiIP SIIYBRSIBIlf 



A Th««i« 3a1(niltt«d for th« T)9gfe 
of 
Chomloal Bnginoor 



Sho VnlTorslty of Wiaoonsln 
1916 



Digitized by 



Google 



Digitized by 



Google 




n(W 101934 



lpproT«d: ^^^l^^i^ 



Digitized by 



Google 



Digitized by 



Google 



fORBWORD 

fhl« work «•• don« at th« ror««t Products Labora- 
tory of tho foroat Samrioa, Unitad Statas Sapartmant of 
Agrlaultura, and all ri^ta of pablleation ara raaarrad by 
tha Laboratory* 

Iha Inyaatigation was axigeaatad by Dr. Otto xraaa, 
Ohiaf of tha Saotlon of Pulp and Papar« and was oarrlad out 
uadar hia diraatlon* 
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Introdnotion 

Cotuitl«B« anmbers of dlflput«s haT« takttn plao« b«- 
tw««n paper mak«r« and papar uaars baeausa of tha saaning 
i^poaaibillty of Baking papar axaotly allka on diffarant oo- 
easlona. Papara iihioh hara baan mada In apparently tha aaaa 
way, of tha aama famiah and iindar aaaailngly idantloal oondi* 
tlona Tary widely In their phyaieal teats. Vary often paper 
whioh girea one aet of tests at the mill will giro a differ- 
ent aet of teats at the destination. 

laper is easantially a net work of interwoven eellu- 
lar fibres, nhieh may or may not be sited, eolored, or loaded. 
"By ailing is meant the ooating of the indiTidnal fibres by 
rosin, gelatine or other substaneas, so as to render the fibre 
water resistant to p greater or less degree depending upon the 
extent of siting. By loading is meant the addition of mineral 
filler stioh as ohina. olay, asbestos, pearl hmrdaating, eto« 
for the purpose of inoreasing weight, finish, opaeity, eto. 

gaper Testing 

laper is bought on the basis of weight and strength, 
lor newspaper, the baais la the ream of flTt hundred sheets 
measuring 84" x 86"* waling 88 pounds, and haring a bursting 
strength of about 11.6 pounds par square inoh. If the paper 
is thieker and, therefore, heariar, the printer oust buy mere 
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pounAB for th« warn aap^rfloial arta. If tb« paper is strong 
tbon ho oaa use a lighter weight sheet and reduoe the nnaber 
of pounds to be paid for. She saae holds true for wrapping 
papers. Between two papers of eeitial strength and of differ** 
ent ream weight, the oheiee is always for the lifi^ter one be«> 
eanse it oosts less* Speoifieations for papers are beooming 
aore rigid as to the reaa weis^t and strength requireaents and 
an entire rtiipaent nay be rejeeted beoause of a variation in 
one of these qualities. 

fhe physieal tests eo^loyed in arriving at a basis 
of eonparison of the quality of papers aret 

1* Beam weight 

8* Ihiekness 

8. Resistanoe to bursting; points 
per pound 

4. fensile strength; breaking length 
6. Streteh 

6. Resistanoe to folding 
1. By "ream weight* is meant the weic^t in potuods 
of a ream of 480 or 600 sheets (as speeified), the superfieial 
area depending on the kind of paper. It is obtained by out- 
ting a definite fraction of a ream from a sheet of paper by 
means of a metal template and weiring it on a soale eali- 
brated to give the ream weight direetly. 

£• She thiokness is measured "by inserting the sheet 
between the Jaws of a pair of spring or serew ealipers 
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gndTiAt«d to r«*d to ono thousandth of an Inoh* 8o«» maohinot 
aro graduated to road to ono ton thousandth of an inoh. 

S. fho roaiatanoo to hnratlng la maaaurtd on any 
ona of a numbor of Inatromonta , tho Vollan taator halng uaad 
at th* loroat Produota Lahoratory. fha papor ia elanpad otov 
ono ond of a oylindar f Iliad with glyoorin, a flazihlo rubbar 
diaphragm aaparating tho papor from tho liquid* SQr turning 
a hand vhool, tho glyearin ia ooopraaaod foroing tho rubbor 
diaphragm againat a oiroular aootion of tho papor whioh 
maaauroa oxaotly ono aquaro inoh. A gaga rooorda tho proaauro 
roquirod to burat thtu this ona aquaro inoh of papor. 

Tho roaiatanoo to burating Tarioa with tha kind of 
papor and with tho thloknoaa of tho ihoot, a 60-pound papor, 
i.o.» a papor waighing 60 pounds to tho roam boing strongor 
than a 30-pound papor, othor oonditiona boing oqual. lor 
oonparatiTO raluoa of tho burating atrongth af papora of tho 
samo kind but of difforont roam waighta, an oigproaaion oallad 
"Voints por pound" ia in uso. It is obtainad bjr diTiding tho 
bursting strongth by tho roam waight giving tho burating 
strangth por pound of roam waight. 

Anothar axpraasion whioh is somatimaa uaad ia tho 

"bursting strongth por ono thousandth of an inoh in thloknoaa". 

It ia obtainad by diTiding tho burating atrongth of tho ahoot 

by its thioknoss and glTos an aoEproaaion Indopondont of tho 

thloknoaa or roam waight. 

4* Tho tonailo atrozigth ia moasurod on ona of a 
nnmbar of tanaion Inatrumonta, tho Sohoppar maehlno boing 

uaad at tho Laboratory. Stripa of papor 16 millimatora 
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(«ypreziaattly fiT«*«lghth« Ineh) wld« mv out in • «p«olal 
OTittor whl^ ln8ur«B atripa of tmlform iridth. Th« atrip of 
paptr is eUapod botvoon two jaws 180 millinatora (about 
aoTOtt iaobaa) or laaa apart in a vortioal position. Sho 
lonar jaw is oonnaotod to a piston whioh nay bo oporatod by 
a hand lAiool, notor or bydraulio prossuro, lAiilo tho vppor 
jaw is piTStod about a Shonldor to a loTor arm whioh nay or 
may not bo woightod with a kilogram woight , #oponding on tho 
strongth of papor tostod* Vhan tho maohino is at rost tho 
lOTor arm with its kilogram waight hangs vortioally and tha 
pointor attaohad to tho oantar of tho arm rogistors soro on 
a graftnatod aro. As tha lowor jaw is pnllod down by ths 
piston, the forea is transmittod through tho strip of papor 
to tho nppor jaw with its woightad arm and tho woight mofos 
outward and upward along an aro offoring an inoroasing ro» 
sistanoo to tho pulling foroo. It tho limit of strength 
tho strip of papor breaks, releasing the pull on the lerer 
srm ibioh is held in plaoe by a set of dogs oatohlng in a 
raok on the graduated aro. IChe pointer shows the pull in 
kilograms at the time of breaking. 

fhe tensile strength raries with the kind of paper, 
the width of the strip and the thiokness. Por papor of any 
one kind and strips of tho same width, the tensile strength 
▼arias with the thiokness. 1 numerioal expression for the 
tensile strength of paper lAioh depends solely i^on the 
Mturo of the papor is eallod the "Breaking Length*. 
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If BL •» breaking length In WBtm 

S "• l«ngth of strips in aetsrs 

1 « ««ight of strip in grams 

X « tonsils strongth in kilograms 
Ihon BL • g X 8 X 1000 

Iho broalting longth is time the length of a strip 
of pagper ithieh is eqnal in vei^t to the tensile strength, or 
eiqffessed in another maj, the breaking length is the length 
of a strip of paper whieh, if suspended from a sapport, will 
break at the point of support due to its own weight, fhis 
eaqproasion is independent of the width of the strip or the 
thioknoss, and girea a tsIuo "bj «hioh the papers of the same 
olass but of different roam weights may be ooag^red* 

0. She sttetoh of paper is obtained simultaneously 
with the tensile strength, She lower jaw of the Sohopper 
maehine oarrios a raok whioh aotuates a pointer along a grad* 
uated are and shows the distanoe between the jaws, is the 
paper is stressed and it begins to stretoh, the distanoe be- 
tween the jaws is inoreasod and the pointer moTos outward, 
then the paper breaks the pointer remains stationary diowing 
the stretoh or peroentage elongation at the time of breaking. 

6« She resistaaoe to folding is obtained on a 
folding maehine by flioing a strip of the same width as used 
for the tensile and stretoh tests between two jaws about 
5-l/e inohes apart and subjooting it to a oonstant tension of 
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on« kilogram* By means of a motor or hand wheal a reoiprooat- 
Ing rod folds the atrip baok and forth at the sama plaoa until 
the atrip is ao vaakanad that it is pnllad apart by tha oon* 
atant tension of one kilogram. A reoording dial which is 
disengaged utoen the paper breaks, antomatioally reoords the 
number of double folds* 

Uaohine made paper is almost always stronger in -> 
the direction in whioh the maOhlne mna than in tha "aoroaa" 
machine direction* !Che stretch also varies, the stretch in 
the machine direction alwaya being leaa than that in the 
crosa direction* The resistance to folding is usually great- 
er along the machine direction than in the croaa direction* 
To get average reanlts, at least five tests are made for 
burating strength, five tests for tensile strength and atretch 
along the machine direction and fire tests aoroaa the maohine 
direction and theae results averaged • ?or folding the aver- 
age of three tests in each direction is taken* 

Influence of Humidity on Strength 

Since the individual fibres of a sheet of paper 
are hygroscopic, the whole sheet conaiating so largely of 
fibrous material naturally possesses this quality, though 
to a leaaer degree than the individual fibres* It is a 
common observation that on humid days a sheet of paper ia 



Digitized by 



Google 



Digitized by 



Google 



7 



aor« llnp. stretohas mora and is 1«88 raalBtant to taaring 
and Iniratlng than on dry days* S*ho htmldlty of th« atmoa- 
phoro Tariea farom 80 per cant In oold dry woathar to almost 
100 par oont in foggy or In hot nolst woather. Indoors « tho 
htmidlty ranges aro not so wldo but in winter on a oold dry 
day the hViftidity in a steam heated room often falls to SO 
per oont and in summer with all the windows open the htimidity 
indoors may he almost as high as that outdoors* 

Bzoepting the data giren by Professor Vilhelm Hen- 
berg in his treatise on "lapisrprllfnng" rery little informa- 
tion ean be found in the literature on the effect of rarying 
humidities on tho physical properties of paper* Ihe follow- 
ing table taken from the third edition of Professor Heriberg*s 
book, ihews the results on the breaking length and stretoh 
of a "good grade of writing paper made of rags, siied with 
rosin and tested under varying oonditions of humidity". 
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It is •▼idant that th« «tmoBph«rlo moisture does 
luiTo a groat of foot on tho strength and strotoh of paper. Is 
the htoildity falls, the breaking length is inoroasod and the 
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Breaking Lang^ 



It is •vidant that th« •tmeapherlo noisttir* does 
haT« • gr«at affaot on the strength and streteh of paper* As 
the htuoldity falls, the breaking length is Inoreased and the 
atrateh deoreassd^ 0« DalAn also states that for relatire 
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It is •▼Idaiit that th« atmosph«rio ■oistur* do«8 
haT« a graat affaot on tha strangth and strateh of papar. As 
tha htunidity falls, tha braaking langth is Inoraaaad and tha 
atrateh daoraaaad. &• DalAn also atataa that for ralativa 
htuoldit&aa hatwaan par oant and 80 par oant papar aacpanda 
In dlraot proportion to tha amount of noiatura praaant. Bat 
whan tha ralatiTa humidity ia batwaan 80 par oant and 100 
par oant, tha aagpanaion is aomairiiat OTor this proportion* 

As a raault of tha invastigationa mada at tha tast- 
ing laboratoriaa in Garmany, all papara for Gk>Tammant JUf 
ara tastad at tha Royal Tasting Laboratoriaa at Oroa-Liohtar- 
falda tindar a oonstant ralatiya humidity of 66 par oant* 

0« Dalan aftar many axparimants on tha affaot of 
Tazying humiditiaa on tha braaking langth and atratoh of 
papar s, has eonstruotad a tabla of faotora by uhioh tha 
rasults for braaking langth and atratoh obtainad at any 
ralatiTa humidi^ ara to ba nnltipliad to obtain tha oor- 
raot ramtlt for 66 par oant ralatira humidity. Shis tabla 
of faotors haa baan publiShad in Haribarg*s book on paga 18. 

Objaot and Scopa of tha Invastigation 

It has long baan aoeaptad as fact that for soma 
propartiaa of papar » doubling tha thloknass would mora than 
doubla tha strangth, for axuipla, it ia thotight that with a 
80-pound and a 40-pound papar of tha sama fumitfh and mada 
undar tha sama oonditions, tha rasistanoa to folding of tha 
40-pound ahaat will ba mora than twioa that of tha SO-pound 
aha at. 
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It iraa, tlwr«for«, deoid^d to •xt«nd the InTtstiga- 
tioa to inoludo tho effoot of Tarylng hnmidltids on tho 
jihTSloal prop*rtio8 of IndlTld-aal papora and to oorvolato 
thoflo rosiats BO as to show how thoy aro af footod by Tavying 
tho thloknoss. 

To got ooaparablo rosnlta it wae nooosaary to got 
aanploa of papova aado of tho aamo atoek famltfh, nndor tho 
aaao eondltiona but of difforont roam woighta, and to aako 
ooflgpleto toata at aa flHiny difforont htuaiditioa aa tho appara- 
tna would pomit. 

APT>ayatii8 

fho oenatant humidity room at tho Foroat Prodnota 
laboratory ia a doublo-wallod room 8* -8" z e'-Sl" x 7* -6" higih, 
fittod with a Carrior ftiginooring Ooqpany oonatant tonporaturo 
and oonatant humidity apparatus. Plato I roproaonta a dia- 
grammatio skotoh of tho apparatus lAiioh oonsists ossontially 
of a galTmniiod iron oonduitTin ono eomor of tho room and 
rtaohing from tho floor through tho roof whoro it is oonnootod 
with a motor driron fan "B*. Iho outlot from "B" loads througfh 
hosting ooila "C" into fluo ^^ and baok into tho room. At 
tho bottom of ths oonduit "A" is a wator box "S" ttom whioh tho 
pump **V" draws its supply of wator and pups it to tho sprays 
"0**, tho wat^r dropping down into tho tank *V*» Aboro tho 
sprays aro a sorios of bafflo platos "H**. An air oomprossor 
*J" doliTors ooaprossod air to tho tank ^"* "£** Is tho 
humidity regulator, "V* is a thormostat, whilo "Ij^" and Tig" 
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•r» diaphrAgB T«lT«a« "P** is an air ontlat duot, %" la a 
ataan anpply Una in abioh tha ataam ia radaoad to a pvaaaora 
of 6 powida par acpiara iaah by maana of a radioing Talva. 

Onriag opasatlon, tba paap "V*, apvaya "0**, oom- 
praaaor "J** aad fan "B** ava in oonatant oparation. Air 
antara tha opaning In "A" aa Bhown tj tha arrow, paaaaa np 
through tha apraya "G" and into tha baffla plataa "H" whara 
tha antra Inad vatar ia raBOTad» than up throxigh fan "B", 
haatar "C**, and flna 'V" into tha room and finally out into 
tha atmeaphara through flua 'Y"* 

Bafora aaqplaining tha ragalation of tha tantparatura 
and humidity it ia haat to rariaw aona dafinitiona. Iha 
"daw point" af air ia that tanqparatura at iriiioh it ia aatur- 
atad with a givan amount of watar Tapor. If ooolad halow 
thia tamparatura, aoma Tapor will eondanaa and daw will da- 
poait. Iha "dry bulb" tanparattira ia tha ordinary twaqparatura 
in tha room aa giran by an aooturataly graduatad tharmomatar. 
Tha "wat bulb" tamparatura ia that giran by a tharmomatar 
aimilar to that uaad for datarmining tha dry bulb tamparatura 
but having tha bulb tightly ooTorad with a piaoa of aoft 
maalin whi^ ia thoroughly wattad and oTwr whieh a eurrant 
of air ia paaaad. Sua to tha avaporation of aoi|a watar from 
tha oloth, tha wat bulb tamparatura ia alwaya laaa than that 
of tha dry bulb azaapt at tha daw point, ahan all thraa 
tamparaturaa raad alika. fha "ralativa fanmidity" ia tha 
ratia of tha amount of watar vapor in a giran apaoa , to tha 
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vtie^t idileh tlM aamt tpao* will hold iAi«n fally saturated 
•t th« same tMiperatnrd and is •sprasead in par oant. Slaoa 
T«por praeaura dapaads antiraly upon tha taopaxattLra , ralatira 
humidity ean ba aa^raaaad as tht ratio of tha vapor praaaora 
of tha wat hnlh tanqparatura to that of tha dry bu^h tanpara- 
tnra* 

Vor a glTta amount of moiatura, tha daw point ia 
always tha sama, baoausa at tha daw point ta^paratura only, 
ia tha air saturatad with that amount of moistura. If now 
this air is haatad.both tha dry bulb and wat bulb taiapavaturas 
rlsa, tha dry bulb mora rapidly than tha wat bulb baoauaa tha 
lattar is ooolad by tha arapevation of watar fipom its muslin 
jaokat. As tha air is haatad, ita oapaoity far watar fapor 
ia inoraasad and, tharafoira, tha ralativa humidity fails* ]|y 
taking tha diffaranoa batwaan tha wat and dxy btdb tharmo- 
matars, tha ralatiTO humidity oan ba found by oonsulting a 
humidity tfhart or a sat of tablas. 

Sha abova mantionad mathod of ragulation is amployad 
by tha apparatus in uaa. Rafarring to Plata I, tha air As 
it passas Arom tha bafflas "E" is saturatad with watar Tspor, 
i. a., it is at its daw point* If no haat is addad to or 
takan from tha air it will pass through tha fan and into tha 
room at tha sama tanparatura aa that ahloh it had whan laar- 
ing "H", and tha wat and dry bulb tharmomatars will both 
ragistar tha sama tanparatura, namaly that of tha daw point* 
lo OTSporation oan taka plaoa from tha wat bulb tharmomatar 
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lb*o«a8« the Burrovnding air is already aattiratad and ean hold 
BO mora noistura* 

If now, tho Inuidity rogalator "L" ia eat for aay 
60 par oant ralatiTa htmidity, than hy maana of tha diaphragm 
TalTa"lf **, stoam ia adnittad to tha heating ooila and tha air 
haatad. la tha taBq;>aratnra riaas, tha eapaoity of tha air 
for mtar T^por inoraaaaa and tha ralatira htmidity daoroasaa. 
At 60 par oant tha fatonidity ragalator ihuta off tha ataaa 
from tha haating ohambar until tha hnmidlty in tha room riaaa 
aboTO that for whloh it ia aat ahan ataam ia again admittad 
to tha haatara* Tha aotnating maohaniam in tha humidity 
ragalator ia a silk thraad ahioh oontraots and aspands with 
tha amount of moiatura praaant in tha room, fhrongfh thia 
ragalator tha ooogpraaaad air from "E" haing at a highar praa- 
anra than tha staam kaaps tha diaphragm TalTo shut. Whan 
tha paroantaga humidity risas abora that for whioh tha 
ragulator ia aat, tha ailk thraad asqpands and shuts off tha 
air prassura and ataam is admittad to tha haating ooila* 

For high ralatifa humiditias whara it is naoassary 
to kaop tha tamparatura of tha aprays abova that of tha watar 
from tha aupply pipas, tha tharmoatat '*1I'* oparatas tha dia- 
phragm TalTa "Ig** whioh goTams tha aflmiasion of staam to 
tha spray watar aa it antars tha pump **!**. 

In ordar to obtain oooparabla rasults for tha of- 
foot of Tarying thioknass it was naoassary to saoura aamplas 
of papar mada from tha aama stook furnish and undar tha sama 
oonditiona of manufaotura. Oooasionally a mill raeaivaa an 
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ord«r for papora of tho aamo kind but of difforant roam 
woighta in whioli oaso tho stook it all propared In tho aamo 
way and tho roam woighta ohangod aa tho pulp flows ovor tho 
papor maohlno. Sanploa of papor mado in this way woro aant 
in by throo mills. Baoh sot of papors was mado of tho samo 
steok, at tho samo timo and nndor tho samo mill oonditions, 
and tho papors in oaoh sot aro as noarly aliko in ororything 
oxoopt roam woight as it is possiblo to mako thom nndor oom* 
moreial oonditions. 

Kill Ho* 1 sont a sot of throo papors, samplos of 
85, SO and 34-poimd papor* Iho famish oonsistod of 

ZO^ bloaohod gronndwood 

405( balsam snlfito 

80^ homlook snlfito 

10 lbs. alnm, 7 lbs. siso 

l/l6 OS. anramino oonoontratod 

1/16 OB* orango R. 0. 
Kill So. S sont a sot of throo papors, samplos of S6, 40 and 
CO-ponnd papors and mado of all apruoo snlfito pmlp* Kill 
lo. 8 sont two sots of papors, both mado of all snlfato pnlp 
and oallod "Ho* 1 Kraft** by tho manufaotnror. Ono sot oon- 
sistod of samplos of 86, 30, 40, and SO«ponnd papors, tho 
othor of 50, 40, snd ftO^ponnd papors, 

aporimontal 

Boforo boginning tho aotnal tasting it was nooos- 
sary to dotormino tho longth of timo roqairod for tho papor 
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to *Hi«ftflon** • i. •• to roaelk tho doslrod molsttiro oontont* 

Horiborg in lila ^*?ftpiosprf[fimg** statos that tho 
18 BillliMtro BtrlpB sho-ald bo kopt tmAor tho dosivod st- 
Boophovio ooaditions for at least half an liour boforo tast- 
ing* 

Z, fanohal and Z, Oomoly*^, atata that "aaq^ariaants 
on tha mta of absorption and loss of moistxura iriian pnlp was 
transferred from an atmosphere at 50 per eent humidity to one 
at 70 par oent and then baok again » showed that two hours were 
snff ioieat for the establishment of e^nilibri-om with the 
moiater atmosphere but on returning to the drier atmosphere, 
the original wei^t waa not zwatorad in so tfhort a time.** 
In those experiments the humidity was oontrolled by blowing 

the air throxigh OaOl solutions or through granxilated OaOl • 

z s 

f see how long it would take for papers to boo 
saturated under the oonditions of the esqperiment sheets of 
newspaper, all rag stationary, li^t and heavy weights of 
kraft wrapping paper, lig^t and hea-vy weights of "water 
finidied** wrapping Pffper and a sheet of unsisod aspen soda 
pulp ware suspended from a stting aorosa the room and ea<flL 
Sheet was weighed approximately every half hour on an 
analytioal balanoe, until the weight beeame oonatant. 

Chart iro. 8 shows the result when ehanging ttom 
00 per oent relatire humidity to 70 per oent, fhe ourrea 

*9» 800. Ohem. In* Yol. 3£, So* 85, p* 1108* 



Digitized by 



Google — 



Digitized by 



Google 



16 

ihow that in two mnA oii«-half hota*8 all th« papara hara prae* 
tloally attalnad a^iillbrliw* A striking faatnra of this 
taat is that tha haarily sliad all rag papar raaohad a stata 
of oonstant waight about half an hour ha f era tha tmsitad 
aspan p«lp« Iha light waight papars also tand to approaoh 
aqpiilihritui aonaahat soonar than tha haaTiar papars« 

Cha papara for aaeh day's nm vara hang loosaljr 
fMm a lina strong aeross tha room and laft to saason for at 
laast thraa hoars. Zha papars wars sospandad so that tha air 
had fraa play aroond tham* Baoh waight of papar was tasted 
for ream weight, thiekness* bursting strength, tensile strength, 
stretoh, and folding* She sheet of paper used to find the 
ream weight was then teated for bursting and for thiekness at 
the burst seotion. for the other test , strips of paper were 
tested in both the maohine direotion and aoross the maohino 
direotion. Baoh of the results giren in the following tables 
is the result of a number of experiments, the number Tarying 
with the oonduot of the paper. If the sheet was uniform and 
the results did net rary greatly, fire tests were made for 
bursting and tensile strengt)|. If, howerer, the sheet was 
**wild*>, then eight or ten tests were made and the reonlts 
STeraged. for folding, the resmlts are the ararage of three 
tests in eaoh direotion. Baoh set of papers was tested with- 
out interruption on the same day to avoid any possible ohanges 
in the relatiTe humidity and all the oonditions of testing 
were kept as nearly oonstant as possible* 



Digitized by 



Google 



Digitized by 



Google 



i-r 



Baeh set of papers was given a serial number and 
the papers of eaoh set identifle& by using the ream weight as 
a subnnmber. Per instanoe, series III, 60, means that the 
paper belongs to Series III and weighs 60 pounds to the ream 
of 600 sheets* 

The mixed grovndirood and sulfite paper fjrom Hill 
lo. 1 was sailed Series I. The all sulfite paper f)*om Hill 
Ho. B was sailed Series XI. The set of four weights of kraft 
paper was oalled Series III, and the set of three weights of 
kraft was oalled Series lY. 

in automatioally operated wet and dry bulb thermo- 
meter or psyohrometer was used to find the relatire humidity. 
. The extreme ranges of humidity we were able to get 
with the oooling water at our oonmiand were 41 per cent and 
88 per oent, and the humidity regulation was not Tory satis* 
faotory* The lower ourre on Plate II shows the relati-ve 
humidities as determined with the psyohrometer oorresponding 
to the time shoun. The wide yariation in humidities as 
shovm was later reduoed to about 16 per oent. The arerage 
humidity was determined by plotting the humidities as Shown 
and taking a pereentage humidity shioh will divide the upper 
and lower areas equally* 

After the series of tests for this investigation 
had been oompleted, one of the heating ooils was found to 

leak steam and was removed. The effect of this change was 
to greatly increase the efficiency of the appasatus by re- 
ducing the range through whi<di both the tenqperature and 
humidity fluotuate. 
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Referring taok to the desorlptlon of the apparatus 
it is seen that when Steam is admitted to the heating eoils, 
the teniperature rise of the passing air mast he very large 
and the percentage humidity greatly reduced, especially as 
the room is very small and the highly heated air enters with 
a rush, the temperature rise being as much as 11 degrees in 
one minute with a corresponding drop in the relatire humidity 
of nearly 80 per cent. With the modified heating coils, the 
teinperature rise is reduced to about 6 degrees and the rela- 
tiTC humidity change reduced to 7 per cent or less* It is 
thought that by remoTing still another coil from the heater 
the temperature and humidity variations can be still further 
reduced* 

Results of the acperiment 

The results of the tests under varying humidities 
are shown in detail in the accoopanying tables, and graphically 
by means of curres* Keeping in mind the poor humidity regula- 
tion these results can only be considered as indications, to 
be verified when the apparatus is in better working condition* 
However, certain conclusions may be drawn which lihould be of 
interest : 

1* The value of points per pound increases with the 
decrease in humidity* The increase for humidities between 40 
and 66 per cent is fairly regular but the Increase of the 
relative humidity above 70 per cent causes a large reduction 
in strength* for exaoqale, on the groundwood -sulfite mixture. 
Series I, taking the strength at 66 per cent relative humidity 
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•8 Standard, the ayomga Tarlatlon for the three papers was 
8 per cent for the hiUBldity change from 41 per cent to 65 
per cent vhlle from 66 per cent to e£ per cent the drop #as 81*5 
per cent, glTlng a total yariation in strength of almost SO per 
esnt. On the Vo« 1 kraft. Series ly., th* Tariation from 44 
per eent to 64 per oent relatiTe hxuaidity was 18*7 per eent* 
while from 64 to 88 per oent the difference in strength was 
11,9 per cent, the total variation in strength being nearly 
86 psr cent. 

8* The same restdts seem to hold for the hreaking 
length* AboTC TO to 76 per cent relatiTe humidity the strength 
falls more rapidly than between 40 per oent to 75 per cent* 
for the grotoidwood-salfite mixture, Series I, again taking 
the Tallies at 66 per cent as standard, the variation in break- 
ing length between 41 per cent and 65 per oent relatiye hnmidit* 
ies is 10 per oent, while for an increase in hxunidity from 65 
per oent to 88 per oent caused a reduction in the breaking 
length of 37*8 per eent, a total variation of over 47 per cent« 
for Series IT, Ho. 1 kraft, the variation in breaking length 
for the humidity change from 44 per oent to 64 per eent was 
6.6 per cent, while with an increase in humidity from 64 per 
cent to 88 per oent the drop in breaking length was 19.8 pet 
eent, a total variation of 85*8 per cent* 

8« Ihe stretch of the paper increases with in- 

ovease in relative humidity, the variation being rather more 
regular than with points per pound and breaking length, for 
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the groTundwood-sulflt* mixture. Series I, the stretoh in- 
oreesed 88,6 per oent with inereese in hxunidity fro« 41 per 
eent to 66 per oent, and 8B.8 per oent with inoreeae in 
htuBidity from 66 per oent to 88 per eent. for the Ho* 1 
kraft, Seriea I7» the atretoh inoreaaed 80*4 per oent with 
inoreaae in htnidity from 44 per eent to 64 per eent, and 
19 per oent with inoreaae in humidity from 64 per oent to 
88 per oent« 

4. Ihe folding propertiea aeem to he af footed to 
a greater degree than any ether proper^, for the ground- 
wood sulfite mixture and the all sulfite papers, the resis- 
tanoe to folding inoreases tremendously between 66 and 77 
per oent relative humidity, a farther inorease in the moia- 
ture oontent, howsTer, oausing the folding strength to 
hreak sharply. With the kraft papers, the folding strength 
inoreases with the inorease in humidity and at the most 
saturated oondition we eould get, Tis. 88 per oent, the 
papers were fsr stronger than at 77 per eent. for the ground- 
wood sulfite paper. Series X, 30, the numher of fold inoreaaed 
ISO per oent with a humidity inorease from 41 per eent to 
77 per oent* for the Seriea lY, SO, paper the numher of 
folds inoreaaed from S48 at 44 per oent relative humidity to 
1638 folda at 88 per oent humidity, an inorease of 490 per 
eent. 

8. A surprising result is the effeot of thiokness 
upon the strength of p&per. In only one set of papers, namely 
Series IT did the hesTiest paper prove to he the strongest. 
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and •Ten h«re it proved strongest only to biirstlng and fold- 
ing, the breaking length throughout the whole range of varying 
humidities heing the lowest of the three papers tested* 
Usually in the other sets of papers the hoariest paper proved 
to he the weakest per pound of ream weight in all the proper- 
ties. 

Shis thesis mast be regarded in the nature of a 
progress report* With better temperature and humidity regu- 
lation by the apparatus, it is hoped to obtain results whioh 
will be mere regular and whioh will furnish suffioient data 
to fix a standard temperature and humidity at whioh papers 
Should be tested for more uniform results than are obtained 
under present rule of thumb praotiee* 

Eowerer, the results obtained are suffioient to 
show that lAion paper is bought and sold on strength speoi- 
fieations, the relative humidity at the time of testing 
should be qe>eoified* 
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